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Abstract 
Nowadays, one-of-a-kind (OKP) companies, which generally operate in an ‘engineer-to-order’ business 
mode, strive to deliver individualized products with quality to achieve customer satisfaction. Thus, an 
accurate and prompt analysis of customer requirements (CRs) in the early design stage is critical to its 
success. However, most OKP companies are small or medium-sized enterprises (SMEs) . Due to the 
limited resources and low product planning budget, they often cannot obtain abundant CR information 
nor can they afford the expense of complicated planning process. To address these issues, a system 
framework is proposed in support of OKP product planning process in a cloud-based design (CBD) 
environment. The challenges and future market niches of OKP companies are presented. The comparison 
of typical distributed systems shows that CBD, which utilizes advanced information technologies and 
business model, has advantages in providing sufficient resources, decreasing product development time 
span for OKP companies in a cost-efficient way. This article describes the proposed system architecture, 
the business interaction process and the information communication among customers, designers and 
marketing analysts at the product planning stage. To validate the proposed framework, a prototype 
system module MyProduct is under development in the CBD environment with an illustrative example. 
 
Keywords: One-of-a-kind production; product planning; cloud-based design; cloud manufacturing; mass 
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1. Introduction 
Manufacturing industry has evolved through several phases since two centuries ago. It started with ‘Craft 
Production’, which ‘design for customer’ at a high cost and low efficiency. This is followed by ‘Mass 
Production’, i.e. ‘design of customer’ by offering a limited variety of products at a high efficiency [1]. 
More recently, ‘Mass Customisation’, i.e. ‘design with customer’ [2] and ‘Mass Personalization’, i.e. 
‘design by customer’ [3] emerged with an aim to satisfy customers on an individual basis at an affordable 
cost in mass efficiency. This tendency helps make ‘market-of-one’ a reality [4, 5]. Clearly, the emphasis 
of manufacturing has transferred from maximum production to maximum customisation, from 
standardised production process to flexible process, and from product-oriented to service-oriented [6]. 
One-of-a-kind production (OKP) is an extreme and special case within the scope of Mass Customisation 
[7], which has a focus on the ‘market-of-one’ and generally takes on the ‘engineer-to-order’ business 
model. It strives to deliver customized products based on each individual customer requirements (CRs) 
while maintaining the efficiency and quality of ‘Mass Production’ [8, 9].  
It is generally acknowledged that nearly 80% of the manufacturing cost of a product is determined 
by its design process [10]. Personalized products, services, and communications attract customers’ 
attention, and foster customer retention and loyalty by addressing customers’ latent needs [11]. Thus, 
acquiring and analysing CRs effectively during the product planning stage plays a significant role for the 
survival of OKP companies. OKP companies are mostly small or medium-sized enterprises (SMEs) with 
limited resources. Due to design uncertainties and corresponding re-designs, their cost is normally higher 
than those of product-focused manufacturing companies [12]. Lack of efficient information 
communication in the existing web-based environment also leads to severe impediment to the success of 
an OKP company. 
Cloud-based design (CBD), which is within the scope of the newly emerged cloud manufacturing 
(CMfg) paradigm, was first articulated by Wu et al. [13]. CBD can flourish OKP companies mainly in 
two aspects: 1) the ‘pay-per-use’ business model which they only need to pay a periodic utilization or 
subscription fee. It significantly reduces the expense on IT and manufacturing infrastructure [14, 15]; 
2) in a cloud-based environment, OKP companies can get access to abundant design resources through 
multiple channels, e.g. online community, Software-as-a-service (SaaS) and etc. 
This paper proposes a cloud-based system framework that enables OKP companies to identify and 
analyse CRs in a cost-efficient way at the product planning stage. The rest of the paper is organised as 
follows. Section 2 provides a brief overview of CMfg research and recent development of product 
planning research. Section 3 depicted the characteristics, challenges and future market niches of OKP 
companies. A comparison of typical distributed systems is also given to show the advantages of CBD 
and the tendency of OKP companies to be integrated in its environment. The conceptual CBD framework 
is proposed with its roles, definitions and examples given in Section 4, and accompanied by an 
introduction of the proposed system architecture. Section 5 discusses the business interaction process in 
the proposed framework at the product planning stage. Also, the interaction communications between 
customers, designers and marketing analysts are described. A prototype system module MyProduct is 
proposed accordingly, and its data model, major functions and user interface are described by an example 
of bicycle project planning in Section 6. Section 7 concludes the paper and highlights the future work. 
2. Literature review 
Cloud technology has been widely utilized in many manufacturing areas, such as: resource planning, 
collaborative computer-aided design, manufacturing system monitoring and etc. [6]. However, there is 
not much effort directed towards the early design stage, in particular the product planning process. This 
section provides a review of the recent development of product planning process, the cloud-based design 
concepts and the existing CMfg system architectures. 
2.1 Recent development of product planning process 
Product planning refers to the process of eliciting and mapping CRs into engineering characteristics 
(ECs), which is at the very beginning stage of the product development process. In literature, several 
methods were proposed to model explicit and implicit CRs, such as: product configurator, Kansei 
Engineering, quality function deployment (QFD), Kano model and etc. 
 Product configurator stands for a knowledge-based method to match CRs with the prospective 
product attributes one by one to derive the final product. In general, there are three types of product 
configurator, i.e.: rule-based, case-based and model based ones [16]. Though it shows great performance 
in retrieving defined attributes [17, 18], however, it relies strongly on the specific design knowledge from 
customers (e.g. parameters, features), which cannot be utilized for novel customers, nor to elicit 
subjective needs, such as: appearance, aesthetics, and etc. [19].  
Kansei Engineering, also known as affective design, was first proposed by Nagamachi (1995) [20], 
which is defined as ‘translating technology of a consumer’s feeling of the product to the design elements’. 
Studies show that real time collection of affective data can derive optimized customer pleasure [21]. 
Furthermore, understanding of individual customer’s affective requirements is a prerequisite of 
predicting successful product design to achieve customer satisfaction [22]. However, Kansei engineering 
still relies on customers’ explicit expression of their feelings by language, which might not be a reliable 
medium for interpreting design concerns [5] 
QFD, first proposed by Akao [23], provides a systematic method to analyse CRs and to transfer them 
into ECs all over the product development [15, 24] stages by the so-called ‘House of Quality’ (HoQ). It 
has been validated as capable of improving customer satisfaction, reducing product development cost, 
decreasing time span, and enhancing collaboration in the product development process [25]. Since CR 
information processing is critical, in literature, the major concerns of QFD are to determine the final 
importance rating of CRs at the product planning stage [26, 27]. Both relative importance rating and 
competitive market analysis are considered to obtain the final priorities of CRs. Also, due to the imprecise 
or vague expression by customers, fuzzy set and rough set based methods have been utilized to handle 
the subjective information, such as fuzzy AHP [28, 29], fuzzy ANP [30, 31] and rough number method 
[32]. On the other hand, Kano model [33] which describes customer preferences by classes of attractive 
quality, one dimensional quality, must be quality and indifferent quality, has been utilized to integrate 
with the QFD method to enhance the understanding of CRs, leading to superior product planning process 
[34-36]. 
 However, as implementing the above techniques is a complex task and requires professionals to 
operate, they are usually performed by large enterprises with sufficient resources and qualified 
professionals [37]. OKP companies only have limited sufficient resources and expertise, which are 
unable to implement them. Therefore, they need to be more innovative in quest for an effective way of 
overcoming those shortages, e.g. taking into account the abundant cloud resources in a collaborative 
design environment.  
2.2 Cloud manufacturing 
2.2.1 Definition of CMfg and CBD 
Cloud Manufacturing (CMfg), as a newly emerged manufacturing paradigm, was first proposed as 
‘a computing and service-oriented manufacturing model developed from existing advanced 
manufacturing models and information technologies’ [38]. It aims to maximise the sharing and utilization 
of various manufacturing resources and capabilities for on-demand use, and also provide safe, low cost, 
good quality manufacturing services all along the manufacturing lifecycle [39]. There are quite a few 
definitions of CMfg in literature [40-43], all of which share some similar meanings and promote a 
paradigm of servitization of manufacturing resources and capability, on-demand usage, and ‘pay-per-use’ 
business model. 
Furthermore, Wu et al. [42] derived a concept of CBDM (Cloud-Based Design and Manufacturing): 
CBD and cloud-based manufacturing (CBM) from the existing CMfg definitions. For the first time, 
design stage, i.e. CBD, is typically emphasized in the CMfg environment. CBD refers to a ‘networked 
design model that leverages cloud computing, service-oriented architecture (SOA), Web 2.0 (e.g., social 
network sites), and semantic web technologies to support cloud-based engineering design services in a 
distributed and collaborative environment’ [44]. According to [14], a CBD system normally includes 
some basic requirements, such as: cloud computing-based, ubiquitously accessible by mobile devices, 
and capable of managing complex information flows.  
2.2.2 Existing system architecture 
Layered architectures and system frameworks for CMfg had been presented by many researchers, 
such as: 3-layer architecture [45], 4-layer architecture [6, 41, 46], 5-layer architecture [38, 43], 7-layer 
architecture [39] and 12-layer architecture [47]. Each varied in its complexity and level of demonstrated 
potential. Yet, they all share a similar layered structure comprising resources layer, service layer and 
application layer. Also, most of the proposed systems are of a generic nature with a main focus on 
manufacturing activities; however, there is no guideline for companies to integrate these architectures 
and frameworks into the early design stage. 
3. Tendency towards cloud-based product planning 
There are three main characteristics in the OKP product planning stage: high customisation, high product 
variety in mass efficiency, and limited resources [12, 48, 49]. To deal with these challenges, Koren et al. 
[50] proposed a novel concept of ‘open product’ and pointed out a novel way of incorporating limited 
resources, small market share and innovative ideas of OKP companies into corporation with large 
companies.  
In the CBD environment, OKP companies may flourish through more channels, such as cooperation 
with original equipment manufacturers (OEMs), individual customers and other OKP companies. Based 
on the literature review [14, 41, 44, 51], Table 1 is compiled to compare different distributed 
manufacturing systems, i.e. web-based, agent-based, and cloud-based systems at the product planning 
stage. CBD has shown its unique advantages in dealing with the existing challenges of OKP companies, 
which are summarised as follows. 
 Decreased time span of product development 
(1) Agility: the ability to allocate the amount of software and hardware resources dynamically. 
(2) Scalability: the ability to allow companies to quickly respond to the changing requirement by 
scaling up or down. 
(3) High performance computing: the ability to provide intelligent search for design solutions 
enabled by semantic web technology and social network analysis [42, 51] 
 Effective information communication and abundant resources 
(1) Crowdsourcing enhances the product design innovation process with abundant resources by 
acquiring novel ideas from the general public. 
(2) Networked environment enables designers, customers and marketing analysts in geographical 
different locations to communicate effectively. 
(3) Social media provide channels, i.e. Facebook and Twitters, for customers, marketing analysts 
and engineers to obtain effective information regarding the product development. 
(4) Resource pooling offers the way to serve service demanders in a ‘pay-per-use’ model with the 
design resources of cloud service provider pooled.  
(5) Search engine provides an effective way for both customers and designers to narrow down the 
scope of requests, and achieve information efficiently. 
 High customization in security 
(1) A ubiquitous network access enables customers’ and engineers’ privacy in the product 
planning process. 
(2) Multi-tenancy enables multiple tenants’ usage with just a single instance of application [14], 
which benefit customers’ participation in the co-design process. 
Furthermore, by adopting cloud-based approach, OKP companies have little need to invest much 
money in hiring engineer experts or purchasing manufacturing equipment. Instead, they are more flexible 
in managing their own businesses by having instant access to business and technical solutions in a ‘pay-
per-use’ way in the cloud [6]. 
Based on the above advantages, this research work proposes a system framework in the following 
sections to integrate OKP company product planning process in a CBD environment. 




    Advantages    
Web-based Agent-based Cloud-based 





High customisation in 
security 
Salability √ √ √ √   
Agility  √ √ √ √   
High performance 
computing  
 √ √ √   
Networked environment  √ √ √ √  
Social media   √ √ √  
Resource pooling   √ √ √  
Search engine   √ √ √  
Crowdsourcing 
  
√ √ √  
Multi-tenancy     √ √  √ 
Ubiquitous access   √   √ 
4. Proposed system framework for CBD 
A typical CMfg system consists of four roles, i.e. service demander (or service consumer), service 
provider, infrastructure provider and platform provider. The system normally has a layered structure 
consisting of, for example, a resource layer, a service layer and an application layer. In this research, a 
conceptual framework of CBD with its system architecture is proposed for the purpose of managing 
product planning services in a cloud environment. 
4.1 A conceptual framework of the CBD environment 
Figure 1 shows the proposed conceptual framework in the CBD environment. The cloud service 
infrastructure provider (e.g. Amazon EC2 [52], Dropbox [53] and VMware [54]) hosts virtualized 
computing resources over the Internet, which offers data storage, high speed computing and other 
functions, acting as the base of the cloud environment. The cloud service platform provider (e.g. 
Salesforce [55], Google big query [56] and Windows Azure [57]) allows service provider and service 
demander to manage, develop and run Web applications by providing the platform, which is the core role 
in CBD. OKP companies, as the cloud service provider, utilize the resources in the cloud and provide 
product design services to customers through the cloud service platform, are the main participants in the 
CBD design activities. Customers, as the cloud service demander, consume services offered by the cloud. 
They are the end users in the cloud environment which has the largest range of scope, as shown in Fig. 
1. Table 2 gives the definitions and examples of each fundamental role in the CBD environment. 
 
Fig. 1 OKP companies in cloud based design environment 
 
Table 2 Roles, definitions and examples in the proposed conceptual framework [15] 
Role Definition Example 
Cloud service 
infrastructure provider 
A third-party provider hosts virtualized 
computing resources over the Internet 
Dropbox, Amazon EC2, 
VMware 
Cloud service platform 
provider 
A third-party provides a platform allowing 
service provider and demander to develop, 
run and manage Web applications without 
building and maintaining the infrastructure 
Salesforce, Google big 
query, Windows Azure 
Cloud service provider 
An entity that provides services in the 
cloud service platform 
OKP companies, e.g.: 
COMPACT, Fisher & 
Paykel Health Care 
Cloud service demander 
An entity that consumes services offered 
by the cloud service provider 
Individual customers or 
companies 
4.2 System architecture of CBD at the product planning stage 
There are three layers in the proposed system architecture supporting OKP product planning process 
in the CBD environment, i.e.: resource layer, service layer and application layer (Fig. 2).  
 
Fig. 2 CBD system architecture at the product planning stage 
 
4.2.1 Resources layer 
The resource layer is a pool of product planning resources; it contains two sub-layers, the physical 
resource sub-layer and the virtual resource sub-layer. The physical resource sub-layer consists of both 
hardware resources and software resources. Software resources include software applications, domain 
knowledge, social media, marketing analyse tools and etc., whereas hardware resources refer to servers, 
storage hardware and computing equipment. The virtual resource sub-layer is a virtual pool of abstracted 
logical resources from their underlying physical resources. It contains three key functions: (1) identifying 
product planning resources, (2) virtualising them, and (3) monitoring their real time status. In order to 
identify product planning resources, quite a few technologies can be adopted [58], e.g., radio-frequency 
identification (RFID), wireless sensor network (WSN), internet of things (IOT), cyber physical system 
(CPS), global positioning system (GPS) and etc. The satisfaction of design service and efficiency of 
service encapsulation are determined by the quality of virtualisation. And the resource information and 
its real time status are delivered to the service layer by on-demand request [6]. 
4.2.2 Service layer 
The service layer is mainly responsible for processing service requests and managing encapsulated 
services [6]. It consists of four modules, the request processing module, product planning module, 
service encapsulation module and service management module. 
 Request processing module 
The request processing module is responsible for assessing initial CRs through the process of 
request acquisition, request retrieval and request allocation. The request acquisition function in this layer 
is responsible for capturing initial CRs and refining them into useful product design related information. 
Request retrieval function is in charge of finding the potential service providers that can fulfil these CRs 
based on historical information stored in the knowledge base. It helps enhance design resource allocation 
by re-using the historical knowledge, and thus improves the system efficiency and guarantee the service 
quality. Request allocation function mainly focused on allocating the prospective OKP companies 
intelligently to the customers after comparing the customer requests with service providers’ design 
capabilities. 
 Product planning module 
The product planning module plays the key role in transferring CRs into ECs for further design 
process. It consists of three functions: (1) market analysis of CRs; (2) determining customer’s final 
importance ratings of CRs; and (3) mapping CRs into ECs. Market analysis of CRs refers to the process 
of acquiring and analysing CRs through marketing strategies, such as conjoint analysis, online 
questionnaire, focus group and web-based co-design toolkits. In the CBD environment, CRs can be 
obtained through many ways, such as historical review or purchase, crowdsourcing and social media. 
These channels enable OKP companies to gather CR information effectively. Determining customer’s 
final importance ratings of CRs is a crucial step in achieving the product development success. It mainly 
contains two parts: relative importance rating and competitive market analysis, which can be offered by 
the platform provider as a SaaS for OKP companies to utilize. Mapping CRs into ECs refers to the process 
that based on the priority rankings of CRs, designers interpret them into design terms, such as functional 
requirements or non-functional requirements [59] to get the basic design concepts of the product. In this 
system, OKP companies will not be hand-tied by the limited resources in conducting the complicated 
QFD or Kano modelling process. These tools have already been provided by the cloud service platform 
providers based on service composition, which deals with the ability to extract useful services from 
available resources and to combine them when needed for value-added operations [60]. 
 Service management module 
The service management module ensures data security, enables service quality, and detects service 
faults [6]. Data security is supported by compressing and encrypting sensitive data, e.g.: customer 
information, design resource, and intellectual properties (IP) at the storage level, and enabled by the 
network middleware technologies. Service quality, which is enabled by prompt response to customers, 
intelligent allocation of design resources, and accurate analysis of CRs. Product planning with good 
quality of service can better satisfy CRs and therefore, achieve more competiveness in the market. 
Service fault should be detected and recovered with minimum down time. A backup solution subjects to 
the current resource availability status should be activated in the meantime of service restoration. 
 Service encapsulation module 
The service encapsulation module is mainly responsible for generating a Service-Level Agreement 
(SLA) according to the selected service scheme [6]. Liability is defined clearly in the agreement, thus 
ensuring a much easier recovery from any service failure. Besides, this module also offers the billing 
mechanism. OKP companies and customers, as the end users in CBD environment, their consumption 
billings resemble the measurement of consumption and the allocation of product planning costs. 
4.2.3 Application layer 
The application layer serves as an interface between the end users and the CBD system. This layer 
provides an E-business platform for both service providers and service demanders to communicate and 
operate. For customers, they can utilize a package of service templates to request customised services. 
For OKP companies, the application layer offers a customised interface for CR information management, 
such as: service log, feedback of customers and etc. 
5. Product planning process in the CBD environment 
In CBD environment, service demanders request product development services from the cloud, while 
service providers offer these services by either outsourcing them or obtaining sufficient resources in the 
cloud. On one side, an OKP company can act as the service provider which sells services to users, and 
on the other side, it can be a customer which buys services from other service providers. Due to the lack 
of guidance in its integration in the cloud-based environment, this section discusses the business 
interaction process of the product planning process in CBD, and its information communication among 
different roles. 
5.1 Business interaction process 
Figure 3 shows the business interaction process of the proposed product planning process in a CBD 
environment. OKP companies, as the service providers, are integrated into the cloud-based platform with 
customised graphical user interfaces (GUIs) [15], just as an App listed in the App Store. 
5.1.1 Pre-process 
The pre-process stands for the procedures of selecting a proper service provider: 
Step 1: Cloud service demander requests a cloud service in the CBD environment. 
Step 2: Cloud service infrastructure provider offers the search engine for demanders to select the 
proper cloud service platform providers. 
Step 3: Cloud service infrastructure provider retrieves historical information based on inputs. 
Step 4: Cloud service demander choose from the feasible cloud service platform providers. 
Step 5: Platform providers acquire demander’s initial requirements and make a real-time quote 
Step 6: Platform providers classify the demander’s tasks intelligently to match with suitable 
service providers. 
Step 7: Demander select the prospective service providers from list. 
Step 8: After demander’s selection, platform provider will allocate the related resources to the 
selected service provider [6], as illustrated in Section 4.2.2. 
For the pre-process steps, if the demanders are certain with the exact platform provider, they can 
skip Step 2 and 3.  
5.1.2 Identify CRs 
Step 9: Demanders provide CRs to the service provider. 
Step 10: Service provider identifies CRs in the cloud. 
In order to obtain the ‘Voice of Customer’, in the CBD environment, many existing marketing 
strategies can be utilized, such as: purchase history, online focus group, lead user analysis, ethnography, 
brainstorm and etc. [61]. Also, social media information and the virtual-reality techniques could be 
exploited to facilitate customers’ co-design participation for identifying the CRs. 
5.1.3 Undertake competitive marketing analysis 
This part stands for the procedures of analysing the identified CRs in the CBD environment: 
Step 11: Analyse CRs. Both the relative importance ratings and competitive market analysis of 
CRs should be considered by the service providers. The prior one generally can be obtained through 
direct rating or pairwise comparison from customers, while the latter one can be achieved by 
benchmarking of its competitors from customers’ perceptions. Then, the improvement ratios of each CR 
will be evaluated by the engineers in both a qualitative and quantitative way, respectively [62]. 
Step 12: Customers participate in the co-creation process. In CBD environment, the customers 
can communicate or design with both marketing team and design team efficiently with GUIs and co-
design toolkits [15]. 
Step 13: Platform provider offers essential marketing information through multi-channels, such 
as: social media, purchase history, comments and reviews. 
 
Fig. 3 Product planning interaction process in CBD 
5.1.4 Determine the final importance ratings of CRs 
Step 14: Service provider determines the final importance ratings of CRs based on the previous 
steps. Conjoint analysis [63] has been widely adopted for the assessment. Also, in order to handle the 
imprecise and vague information from customers’ subjective expressions, many methods had been 
utilized, such as: fuzzy AHP [29] method and rough number based method [32]. They can be 
implemented in the CBD environment as a SaaS for OKP companies to buy per-use [15]. 
5.1.5 Map CRs into ECs 
Step 15: Platform provider searches for experts or SaaS options (e.g. product planning HoQ) for 
OKP companies to transfer final rankings of CRs into the priority ratings of ECs. OKP companies may 
utilize SaaS tools or inquire the experts with specific knowledge in the cloud [15].  
Step 16: Designers of service provider define the constraints based on the ECs. 
Step 17: Designers of service provider develop product concepts to satisfy demanders.  
Step 18: The acceptable concepts are stored in the database as the design history information. 
5.1.6 Customer-centric decision making 
With the dynamic change of CRs and customers’ subjective evaluation, the interaction process at 
the product planning stage is often iterative. Customers participate to make their own decisions on the 
following steps:  
Step 10: Satisfied with the derived CRs?  
Step 12: Satisfied with the relative importance ratings of CRs? 
Step 14: Satisfied with the final importance ratings of CRs? 
Step 16: Satisfied with the ECs? 
Step 17: Satisfied with the product concept? 
Online negotiation is utilized to achieve the satisfaction of the customers [64]. Otherwise, the 
product planning process needs to be re-undertaken from Step 11. 
The above introduced interaction process has a number of advantages. The CBD environment 
improves the real-time communication between demanders and service providers in a collaborative way. 
The design resources can be effectively achieved and utilized in the cloud, which enhances the business 
performance of OKP companies. The ‘pay-per-use’ business model enables OKP companies to have 
access to abundant CRs information in a cost-efficient way. 
5.2 Information communication 
Improving the communications among customers, designers and marketing analysts in the design 
process is one of the ultimate goals in engineering design research [14]. Other than the conventional 
product planning process that customers negotiate with marketing analysts and then transfer the 
information to designers in a sequential way, in the CBD environment, all the communications are 
conducted through cloud service platform interface in a parallel way, as shown in Fig. 4. 
 
Fig. 4 Information communication at the product planning stage in CBD 
 
Customers can search and view through the cloud platform interface (Step 1), provide CRs online 
through social media, crowdsourcing or other approaches (Step 2), select possible product service 
providers (Step 4), and give their perceptions towards the CRs (Step 7). Also, customers can make 
decisions or even co-design with the designers and marketing analysts (Steps 11, 13 and 15) to fulfil their 
satisfaction, and finally pay the bills (Step 16). Designers make agreements with the marketing analysts 
(Step 9), discuss design information with customers through online chat and video, or even undertake 
co-creation process based on the collaborative design software (Step 12 and 14), and finally record design 
information into the knowledge base (Step 17). Marketing analysts can negotiate with customers by 
online quoting or surveys (Step 6 and 10), and also conduct competitive marketing analysis and deliver 
the results to designers (Step 8).  
In CBD platform, communication tools, such as: instant messaging, virtual meeting and screen 
sharing are integrated to enable multi-channel information exchange [14]. All of these bring benefits to 
the OKP companies in a collaborative environment. Both marketing analysts and designers can achieve 
and analyse customer information efficiently. Besides, it encourages customers’ participation, and 
provides a way for co-design process, which benefits OKP companies of interpreting CRs accurately. 
6. Prototype system implementation 
In order to validate the proposed framework, MyProduct system module, acting as the cloud service 
platform provider at product planning stage, is under development based on our previous prototype 
system infrastructure of MCloud [6]. Its data model and prospective user interface have been developed, 
so as to give an overall picture of the cloud-based product planning process with an example of bicycle 
project planning. Due to its complexity, much still work remains to be done, such as: intelligent 
algorithms and methods for resource allocation, historical information retrieval, and final importance 
rating.  
6.1 System infrastructure 
The MCloud system, with its unified ontology modelling and cloud management mechanism, was 
applied in managing hybrid manufacturing clouds among companies. The system was tested in among a 
group of companies worldwide, showing its flexibility in allowing them to create different cloud models 
for their periodic business goals [6]. The system infrastructure of MCloud is shown in Fig. 5. It utilizes 
a SQL server to store all business related data. An application server is set up for hosting all the web 
services, such as: resource encapsulation, request processing, and etc. Additionally, it utilizes a web 
server, i.e.: Amazon Web Service (AWS) [52] to host the main website that receives HTTP requests from 
cloud users. Also, advanced web development technologies, such as: elastic cloud computing, responsive 
web design, and web service, are adopted for its case study test. As the system spans across multiple tiers, 
it requires dealing with APIs in different programming languages, such as C# and Java. The prototype 
system encapsulates stand-alone functions as web services and utilizes REST (Representational State 
Transfer) [65] to ensure smooth communications between different web services. 
Currently, the MyProduct module, as a sub module of MCloud system, has been deployed in a 
Windows 7 localhost environment. The main system is being developed by using ASP.NET MVC [66] 
framework in Visual Studio 2013, and hosted by Internet Information Services (IIS). The database is 
established in MySQL Enterprise Edition. Owing to the flexibility of Amazon EC2, the proposed system 
module can be easily implemented into the public networked environment in a ‘pay-per-use’ model. 
 
Fig. 5 MCloud system infrastructure  
 
6.2 UML data model of MyProduct module 
MyProduct module concentrates on the interaction processes among customers, designers and 
marketing analysts in the product planning process. To achieve this, the system module should get data 
related to both requests of customers and their analysis by designers and marketing analysts. The data 
model of the interaction process is exemplified in Fig. 6 using Unified Model Language (UML) [67]. It 
contains three main classes, i.e. Service Class, Customer Class, OKP Companies Class. 
(1) Service Class. It refers to the representation of all the base concepts around service from both 
customers and service providers. It covers service description, payment method, service quality 
evaluation and etc. A service is requested by a customer through GUIs and transmitted as a Service 
Description File in XML format (Figure 7) for internet communications. It specifies the service type, 
quality of service (QoS) expectation, cost, and service specifications. A service may contain several 
Service Units. Each Service Unit is mapped to a specific resource offered by a service provider. The 
Payment Method Class is associated with a service individual.  
(2) Customer Class. It refers to the service request expectations and post-service evaluations from 
customers. Customer Class acquires customer information and captures CRs by Customer Requirement 
Class, and intelligently allocates the CRs to the OKP companies Class through the Service Class. Also, 
Customer Review Class records the review and suggestions towards the design concepts. 
(3) OKP Companies Class. It refers to the service providers offering product planning services to 
the customers. OKP Companies Class captures the information of each on-going service by recoding 
marketing analysts (Marketing Analyst Class), conducting competitive marketing analysis (Marketing 
Analysis Class and Relative Importance Rating Class), and designers (Designer Class) undertaking 
conceptual design process (Mapping CR to EC Class) respectively. It works collaboratively with the 
Service Class and Customer Class to maintain the accuracy and efficiency. 
This data model supports most of the information linked to the users (e.g. customers, OKP 
companies) in the product planning process. It specifies the service description, customer information 
and service provider information, thus providing an efficient mechanism to improve service quality and 
user experience. 
 
Fig. 6 UML data model of MyProduct module 
 
Fig. 7 XML representation of customer request 
6.3 An illustrative example 
In order to give an overall view of the proposed system module, its six key functions are depicted 
in a sequential way, as shown in Fig. 8 and a case study of a personalized bicycle project planning is 
illustrated in this section 
 
Fig. 8 Major functions in MyProduct module 
Function 1: Customer requests cloud service. A demander can log into the MyProduct module and 
complete the inquiry form for raising new requests of a product. Fig. 9 shows one prospective service 
demander’s GUIs in the CBD environment. The platform provides mandatory information of the desired 
bicycle, including way of use, rust prevention method, type of material, frameset shape and so on. The 
criterion of this information is pre-determined by a group of potential service providers consistently. 
Besides, additional information, such as customer’s own sketch and other personalised options can also 
be provided through the interface, which will be transmitted into an XML file (Fig. 7) for Internet 
communications once submitted. 
Function 2: Retrieve historical information. Once the form is submitted, the system needs to store 
all the customer information with a specific customer ID in the SQL database, and also retrieves historical 
design information among prospective cloud service providers. For example, if a customer requests a 
bicycle with ‘mountain road usage’, ‘triangular frameset shape’, ‘carbon fibre material’ and ‘double 
dampers’, the system could match the information with OKP company A and OKP company B, which 
have previously designed such products.  
Function 3: Allocate project to service providers. With the retrieved information, the system module 
needs to select the appropriate service providers for customers to choose from. The matching process can 
be done by either rule-based reasoning, or case-based reasoning methods with intelligent algorithms, 
such as neural network and genetic algorithm. Also, we have proposed an ontology-based method in 
previous studies [6], which can be utilized to deal with such semantic information. 
Function 4: CR analysis. This is the most critical function in the proposed system module, which 
determines the success of product development. It contains different information, such as relative 
importance ratings, final importance assessments, competitive market analysis, EC information and so 
on. A prospective designer’s interface of mapping CRs into ECs in the CBD environment is shown in 
Fig. 10. The GUI displays the essential information, including status of projects, CR information, 
customer preference ratings and its corresponding ECs. Also, designers may give feedback to the 
customers directly regarding their requests by online submission. In such a case, the customers and the 
OKP companies are integrated in a collaborative environment. The company may either conduct this 
process with its own experts, or outsource it to other service providers in the cloud. 
Function 5: Social media support. As we mentioned in Section 5.1, nowadays, social media 
information plays a significant role in CR elicitation, decision of purchase, user experience acquiring. 
Thus, in order to support the CR analysis, the proposed system module added links to several popular 
social media channels, such as Facebook, Twitter and Weibo, which provide embedded links for 
applications on the website. Thus, service providers can establish their own accounts through multi-
channels and link them with the module. 
Function 6: Storing new design information. With the status of an on-going project showing 
‘completed’, all the design information (e.g. CRs, reviews, feedback, types of ratings, ECs and other 
related documents) needs to be recorded in the cloud database for customer’s preference modelling, OKP 
companies’ design re-use and platform’s cloud service allocation, respectively. Advanced web 
technologies, such as cloud computing, AWS EC2 and web services, should be utilized to manage those 
information. 
 
Fig. 9 Service demander’s interface in MyProduct module  
 
Fig. 10  Service provider’s interface in MyProduct module 
7. Conclusions and future work 
OKP companies are mostly SMEs. They generally operate in an ‘engineer-to-order’ business model. 
Their market niches mainly rely on the highly-customized products with mass efficiency. To achieve this, 
capturing and analysing ‘voice of customer’ rapidly and accurately from the very beginning of product 
design stage plays a significant role. However, due to their limited resources and low budget, current 
web-based OKP companies may neither identify and analysis CRs accurately and effectively, nor afford 
the complicated product planning process expense. It is a necessity for them to overcome these shortages 
by adopting innovative methods in an effective way.  
In this paper, a comparison of typical distributed systems is given, showing that CBD has its 
advantages in high performance computing, social media support, resource pooling and etc., which 
would enhance the product planning process of OKP companies. It can effectively overcome the 
challenges, such as: rapidly changing CRs with uncertainty; decreased time span of product design in 
high product variety; ineffective information communication with limited resources. However, there is 
little work in literature concerning the early design stage in a cloud-based environment. 
Aiming to integrate the product planning process of OKP companies into the CBD environment, 
this paper proposed a conceptual framework with a three-layered system architecture. OKP companies, 
as the cloud service providers, offer services in the cloud service platform by sharing their design 
resources to the customers and also obtaining abundant resources from other service providers in the 
cloud. Different from the existing system architecture, the request service module and product planning 
module, as the key modules in the service layer, focused on the early design information derived from 
CRs, and correspondingly transferred them into ECs. It utilizes the resources from social media or 
systematic tool, such as: QFD and Kano models in a ‘pay-per-use’ model in the cloud, which avoids the 
large amount of up-front cost, and enhances the information processing.  
The business interaction processes in among service demanders, service providers, platform 
providers and infrastructure providers show the systematic mechanism of product planning process, 
which gives guidance to current OKP companies in a cloud-based environment. And the non-sequential 
interactive information communications between customers, designers and marketing analysts provide 
an efficient collaborative way of product development process other than the traditional sequential design 
process. 
To validate the proposed framework, a prototype system module MyProduct is proposed based on 
the infrastructure of MCloud system in a cloud-based environment. The UML data model, key functions 
and user interfaces are described with an example of bicycle project planning to show how customers 
and OKP companies can be integrated into the CBD environment to realize the product planning process 
towards mass customization and personalization.  
The implementation of the proposed system module is a very complicated process. Generally, it 
requires large companies (e.g. OEMs) or the government to provide the cloud-based platform with 
standard interface so that OKP companies or SMEs can join in as the vendors. Due to the concerns of 
investment expense, profit sharing, IP protection, intelligent resource allocation, and the limitations 
within the current existing OKP companies, it may not be practical for commercial use at current stage. 
The main future work lies in: 1. Develop intelligent algorithms to optimize resource allocation process 
and customer preference decision making process at product planning stage; 2. Implement the system 
module and test it in companies; 3. Extend the proposed system module with further design process, such 
as embodiment design and detail design process in the CBD environment; and 4. Propose a cloud-based 
cost estimation method with business intelligence plans. 
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ぷヱへ SくJく H┌が E┗ﾗﾉ┗ｷﾐｪ P;ヴ;Sｷｪﾏゲ ﾗa M;ﾐ┌a;Iデ┌ヴｷﾐｪぎ Fヴﾗﾏ M;ゲゲ PヴﾗS┌Iデｷﾗﾐ デﾗ M;ゲゲ C┌ゲデﾗﾏｷ┣;デｷﾗﾐ ;ﾐS 
PWヴゲﾗﾐ;ﾉｷ┣;デｷﾗﾐが ｷﾐぎ PくFく C┌ﾐｴ; ふESくぶ Fﾗヴデ┞ Sｷ┝デｴ Cｷヴヮ CﾗﾐaWヴWﾐIW ﾗﾐ M;ﾐ┌a;Iデ┌ヴｷﾐｪ S┞ゲデWﾏゲ ヲヰヱンが ヲヰヱンが 
ヮヮく ンどΒく 
ぷヲへ BくJく PｷﾐWが M;ゲゲ C┌ゲデﾗﾏｷ┣;デｷﾗﾐぎ TｴW NW┘ FヴﾗﾐデｷWヴ ｷﾐ B┌ゲｷﾐWゲゲ CﾗﾏヮWデｷデｷﾗﾐが H;ヴ┗;ヴS B┌ゲｷﾐWゲゲ PヴWゲゲが 
ヱΓΓンく 
ぷンへ MくMく TゲWﾐｪが RくJく Jｷ;ﾗが Cく W;ﾐｪが DWゲｷｪﾐ aﾗヴ ﾏ;ゲゲ ヮWヴゲﾗﾐ;ﾉｷ┣;デｷﾗﾐが Cｷヴヮ Aﾐﾐ;ﾉゲどM;ﾐ┌a;Iデ┌ヴｷﾐｪ 
TWIｴﾐﾗﾉﾗｪ┞が ヵΓ ふヲヰヱヰぶ ヱΑヵどヱΑΒく 
ぷヴへ Aく K┌ﾏ;ヴが Fヴﾗﾏ ﾏ;ゲゲ I┌ゲデﾗﾏｷ┣;デｷﾗﾐ デﾗ ﾏ;ゲゲ ヮWヴゲﾗﾐ;ﾉｷ┣;デｷﾗﾐぎ ; ゲデヴ;デWｪｷI デヴ;ﾐゲaﾗヴﾏ;デｷﾗﾐが 
IﾐデWヴﾐ;デｷﾗﾐ;ﾉ Jﾗ┌ヴﾐ;ﾉ ﾗa FﾉW┝ｷHﾉW M;ﾐ┌a;Iデ┌ヴｷﾐｪ S┞ゲデWﾏゲが ヱΓ ふヲヰヰΑぶ ヵンンどヵヴΑく 
ぷヵへ Fく Zｴﾗ┌が Yく Jｷが RくJく Jｷ;ﾗが AaaWIデｷ┗W ;ﾐS Iﾗｪﾐｷデｷ┗W SWゲｷｪﾐ aﾗヴ ﾏ;ゲゲ ヮWヴゲﾗﾐ;ﾉｷ┣;デｷﾗﾐぎ ゲデ;デ┌ゲ ;ﾐS ヮヴﾗゲヮWIデが 
Jﾗ┌ヴﾐ;ﾉ ﾗa IﾐデWﾉﾉｷｪWﾐデ M;ﾐ┌a;Iデ┌ヴｷﾐｪが ヲヴ ふヲヰヱンぶ ヱヰヴΑどヱヰヶΓく 
ぷヶへ Yく L┌が Xく X┌が Jく X┌が DW┗WﾉﾗヮﾏWﾐデ ﾗa ; H┞HヴｷS M;ﾐ┌a;Iデ┌ヴｷﾐｪ Cﾉﾗ┌Sが Jﾗ┌ヴﾐ;ﾉ ﾗa M;ﾐ┌a;Iデ┌ヴｷﾐｪ S┞ゲデWﾏゲが 
ンン ふヲヰヱヴぶ ヵヵヱどヵヶヶく 
ぷΑへ JくCく Wﾗヴデﾏ;ﾐﾐが PヴﾗS┌Iデｷﾗﾐ ﾏ;ﾐ;ｪWﾏWﾐデ ゲ┞ゲデWﾏゲ aﾗヴ ﾗﾐWどﾗaど;どﾆｷﾐS ヮヴﾗS┌Iデゲが Cﾗﾏヮ┌デWヴゲ ｷﾐ IﾐS┌ゲデヴ┞が 
ヱΓ ふヱΓΓヲぶ ΑΓどΒΒく 
ぷΒへ MくMく TゲWﾐｪが FくTく PｷﾉﾉWヴが TｴW I┌ゲデﾗﾏWヴ IWﾐデヴｷI WﾐデWヴヮヴｷゲWが SヮヴｷﾐｪWヴが ヲヰヰンく 
ぷΓへ Gく Hﾗﾐｪが Lく H┌が Dく X┌Wが YくLく T┌が YくLく Xｷﾗﾐｪが ISWﾐデｷaｷI;デｷﾗﾐ ﾗa デｴW ﾗヮデｷﾏ;ﾉ ヮヴﾗS┌Iデ Iﾗﾐaｷｪ┌ヴ;デｷﾗﾐ ;ﾐS 
ヮ;ヴ;ﾏWデWヴゲ H;ゲWS ﾗﾐ ｷﾐSｷ┗ｷS┌;ﾉ I┌ゲデﾗﾏWヴ ヴWケ┌ｷヴWﾏWﾐデゲ ﾗﾐ ヮWヴaﾗヴﾏ;ﾐIW ;ﾐS Iﾗゲデゲ ｷﾐ ﾗﾐWどﾗaど;どﾆｷﾐS 
ヮヴﾗS┌Iデｷﾗﾐが IﾐデWヴﾐ;デｷﾗﾐ;ﾉ Jﾗ┌ヴﾐ;ﾉ ﾗa PヴﾗS┌Iデｷﾗﾐ RWゲW;ヴIｴが ヴヶ ふヲヰヰΒぶ ンヲΓΑどンンヲヶく 
ぷヱヰへ KくBく Cﾉ;ヴﾆが PヴﾗS┌Iデ SW┗WﾉﾗヮﾏWﾐデ ヮWヴaﾗヴﾏ;ﾐIWぎ Sデヴ;デWｪ┞が ﾗヴｪ;ﾐｷ┣;デｷﾗﾐが ;ﾐS ﾏ;ﾐ;ｪWﾏWﾐデ ｷﾐ デｴW 
┘ﾗヴﾉS ;┌デﾗ ｷﾐS┌ゲデヴ┞が H;ヴ┗;ヴS B┌ゲｷﾐWゲゲ PヴWゲゲが ヱΓΓヱく 
ぷヱヱへ Kく K┘ﾗﾐが Jく Cｴﾗが Yく P;ヴﾆが Hﾗ┘ デﾗ HWゲデ Iｴ;ヴ;IデWヴｷ┣W デｴW ヮWヴゲﾗﾐ;ﾉｷ┣;デｷﾗﾐ Iﾗﾐゲデヴ┌Iデ aﾗヴ WどゲWヴ┗ｷIWゲが E┝ヮWヴデ 
S┞ゲデWﾏゲ ┘ｷデｴ AヮヮﾉｷI;デｷﾗﾐゲが ンΑ ふヲヰヱヰぶ ヲヲンヲどヲヲヴヰく 
ぷヱヲへ SくQく XｷWが YくLく T┌が RくYくKく F┌ﾐｪが ZくDく Zｴﾗ┌が R;ヮｷS ﾗﾐWどﾗaど;どﾆｷﾐS ヮヴﾗS┌Iデ SW┗WﾉﾗヮﾏWﾐデ ┗ｷ; デｴW IﾐデWヴﾐWデぎ 
; ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘ ﾗa デｴW ゲデ;デWどﾗaどデｴWど;ヴデ ;ﾐS ; ヮヴﾗヮﾗゲWS ヮﾉ;デaﾗヴﾏが IﾐデWヴﾐ;デｷﾗﾐ;ﾉ Jﾗ┌ヴﾐ;ﾉ ﾗa PヴﾗS┌Iデｷﾗﾐ 
RWゲW;ヴIｴが ヴヱ ふヲヰヰンぶ ヴヲヵΑどヴヲΓΒく 
ぷヱンへ Dく W┌が Dく SIｴ;WaWヴが DくWく RﾗゲWﾐが Cﾉﾗ┌SどH;ゲWS SWゲｷｪﾐ ;ﾐS ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪ ゲ┞ゲデWﾏゲぎ ; ゲﾗIｷ;ﾉ ﾐWデ┘ﾗヴﾆ 
;ﾐ;ﾉ┞ゲｷゲが ｷﾐぎ  DS ΑヵどΑぎ PヴﾗIWWSｷﾐｪゲ ﾗa デｴW ヱΓデｴ IﾐデWヴﾐ;デｷﾗﾐ;ﾉ CﾗﾐaWヴWﾐIW ﾗﾐ EﾐｪｷﾐWWヴｷﾐｪ DWゲｷｪﾐ 
ふICEDヱンぶが DWゲｷｪﾐ aﾗヴ H;ヴﾏﾗﾐｷWゲが Vﾗﾉく Αぎ H┌ﾏ;ﾐ BWｴ;┗ｷﾗ┌ヴ ｷﾐ DWゲｷｪﾐが SWﾗ┌ﾉが KﾗヴW;が ヱΓどヲヲくヰΒく ヲヰヱンが ヲヰヱンく 
ぷヱヴへ Dく W┌が DくWく RﾗゲWﾐが Lく W;ﾐｪが Dく SIｴ;WaWヴが Cﾉﾗ┌SどH;ゲWS SWゲｷｪﾐ ;ﾐS ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪぎ A ﾐW┘ ヮ;ヴ;Sｷｪﾏ 
ｷﾐ Sｷｪｷデ;ﾉ ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪ ;ﾐS SWゲｷｪﾐ ｷﾐﾐﾗ┗;デｷﾗﾐが Cﾗﾏヮ┌デWヴどAｷSWS DWゲｷｪﾐが ヵΓ ふヲヰヱヵぶ ヱどヱヴく 
ぷヱヵへ Pく ZｴWﾐｪが Xく X┌が SくQく XｷWが IﾐデWｪヴ;デW PヴﾗS┌Iデ Pﾉ;ﾐﾐｷﾐｪ PヴﾗIWゲゲ ﾗa OKP Cﾗﾏヮ;ﾐｷWゲ ｷﾐ デｴW Cﾉﾗ┌S 
M;ﾐ┌a;Iデ┌ヴｷﾐｪ Eﾐ┗ｷヴﾗﾐﾏWﾐデが ｷﾐぎ  AS┗;ﾐIWゲ ｷﾐ PヴﾗS┌Iデｷﾗﾐ M;ﾐ;ｪWﾏWﾐデ S┞ゲデWﾏゲぎ Iﾐﾐﾗ┗;デｷ┗W 
PヴﾗS┌Iデｷﾗﾐ M;ﾐ;ｪWﾏWﾐデ Tﾗ┘;ヴSゲ S┌ゲデ;ｷﾐ;HﾉW Gヴﾗ┘デｴが SヮヴｷﾐｪWヴが ヲヰヱヵが ヮヮく ヴヲヰどヴヲヶく 
ぷヱヶへ Dく S;Hｷﾐが Rく WWｷｪWﾉが PヴﾗS┌Iデ Iﾗﾐaｷｪ┌ヴ;デｷﾗﾐ aヴ;ﾏW┘ﾗヴﾆゲど; ゲ┌ヴ┗W┞が IEEE ｷﾐデWﾉﾉｷｪWﾐデ ゲ┞ゲデWﾏゲが ふヱΓΓΒぶ ヴヲど
ヴΓく 
ぷヱΑへ BくMく Lｷが SくQく XｷWが PヴﾗS┌Iデ ゲｷﾏｷﾉ;ヴｷデ┞ ;ゲゲWゲゲﾏWﾐデ aﾗヴ IﾗﾐIWヮデ┌;ﾉ ﾗﾐWどﾗaど;どﾆｷﾐS ヮヴﾗS┌Iデ SWゲｷｪﾐぎ A 
┘Wｷｪｴデ SｷゲデヴｷH┌デｷﾗﾐ ;ヮヮヴﾗ;Iｴが Cﾗﾏヮ┌デWヴゲ ｷﾐ IﾐS┌ゲデヴ┞が ヶヴ ふヲヰヱンぶ ΑヲヰどΑンヱく 
ぷヱΒへ PくTく HWﾉﾗが PヴﾗS┌Iデ Iﾗﾐaｷｪ┌ヴ;デｷﾗﾐ ;ﾐ;ﾉ┞ゲｷゲ ┘ｷデｴ SWゲｷｪﾐ ゲデヴ┌Iデ┌ヴW ﾏ;デヴｷ┝が IﾐS┌ゲデヴｷ;ﾉ M;ﾐ;ｪWﾏWﾐデ わ 
D;デ; S┞ゲデWﾏゲが ヱヰヶ ふヲヰヰヶぶ ΓΓΑどヱヰヱヱく 
ぷヱΓへ Yく W;ﾐｪが MくMく TゲWﾐｪが A N;ｼ┗W B;┞Wゲ ;ヮヮヴﾗ;Iｴ デﾗ ﾏ;ヮ I┌ゲデﾗﾏWヴ ヴWケ┌ｷヴWﾏWﾐデゲ デﾗ ヮヴﾗS┌Iデ ┗;ヴｷ;ﾐデゲが 
Jﾗ┌ヴﾐ;ﾉ ﾗa IﾐデWﾉﾉｷｪWﾐデ M;ﾐ┌a;Iデ┌ヴｷﾐｪが ヲヶ ふヲヰヱンぶ ヵヰヱどヵヰΓく 
ぷヲヰへ Mく N;ｪ;ﾏ;Iｴｷが K;ﾐゲWｷ WﾐｪｷﾐWWヴｷﾐｪぎ ; ﾐW┘ WヴｪﾗﾐﾗﾏｷI Iﾗﾐゲ┌ﾏWヴどﾗヴｷWﾐデWS デWIｴﾐﾗﾉﾗｪ┞ aﾗヴ ヮヴﾗS┌Iデ 
SW┗WﾉﾗヮﾏWﾐデが IﾐデWヴﾐ;デｷﾗﾐ;ﾉ Jﾗ┌ヴﾐ;ﾉ ﾗa ｷﾐS┌ゲデヴｷ;ﾉ WヴｪﾗﾐﾗﾏｷIゲが ヱヵ ふヱΓΓヵぶ ンどヱヱく 
ぷヲヱへ SくHく F;ｷヴIﾉﾗ┌ｪｴが F┌ﾐS;ﾏWﾐデ;ﾉゲ ﾗa ヮｴ┞ゲｷﾗﾉﾗｪｷI;ﾉ Iﾗﾏヮ┌デｷﾐｪが IﾐデWヴ;Iデｷﾐｪ ┘ｷデｴ Iﾗﾏヮ┌デWヴゲが ヲヱ ふヲヰヰΓぶ 
ヱンンどヱヴヵく 
ぷヲヲへ HくMく Kｴ;ﾉｷSが EﾏHヴ;Iｷﾐｪ Sｷ┗Wヴゲｷデ┞ ｷﾐ ┌ゲWヴ ﾐWWSゲ aﾗヴ ;aaWIデｷ┗W SWゲｷｪﾐが AヮヮﾉｷWS EヴｪﾗﾐﾗﾏｷIゲが ンΑ ふヲヰヰヶぶ 
ヴヰΓどヴヱΒく 
ぷヲンへ Yく Aﾆ;ﾗが NW┘ ヮヴﾗS┌Iデ SW┗WﾉﾗヮﾏWﾐデ ;ﾐS ケ┌;ﾉｷデ┞ ;ゲゲ┌ヴ;ﾐIWにケ┌;ﾉｷデ┞ SWヮﾉﾗ┞ﾏWﾐデ ゲ┞ゲデWﾏが 
Sデ;ﾐS;ヴSｷ┣;デｷﾗﾐ ;ﾐS Q┌;ﾉｷデ┞ Cﾗﾐデヴﾗﾉが ヲヵ ふヱΓΑヲぶ Αどヱヴく 
ぷヲヴへ AくMく GﾗﾐI;ﾉ┗WゲどCﾗWﾉｴﾗが Iﾏヮヴﾗ┗ｷﾐｪ デｴW ┌ゲW ﾗa QFD ┘ｷデｴ A┝ｷﾗﾏ;デｷI DWゲｷｪﾐが CﾗﾐI┌ヴヴWﾐデ EﾐｪｷﾐWWヴｷﾐｪが 
ヱン ふヲヰヰヵぶ ヲンンどヲンΓく 
ぷヲヵへ Lく CﾗｴWﾐが Lく CﾗｴWﾐが Q┌;ﾉｷデ┞ a┌ﾐIデｷﾗﾐ SWヮﾉﾗ┞ﾏWﾐデぎ ｴﾗ┘ デﾗ ﾏ;ﾆW QFD ┘ﾗヴﾆ aﾗヴ ┞ﾗ┌が ASSｷゲﾗﾐどWWゲﾉW┞ 
RW;Sｷﾐｪが MAが ヱΓΓヵく 
ぷヲヶへ Hく R;ｴ;ヴﾃﾗが Mく XｷWが TくNく Gﾗｴが AくCく BヴﾗﾏH;IｴWヴが A ﾏWデｴﾗSﾗﾉﾗｪ┞ デﾗ ｷﾏヮヴﾗ┗W ｴｷｪｴWヴ WS┌I;デｷﾗﾐ ケ┌;ﾉｷデ┞ 
┌ゲｷﾐｪ デｴW ケ┌;ﾉｷデ┞ a┌ﾐIデｷﾗﾐ SWヮﾉﾗ┞ﾏWﾐデ ;ﾐS ;ﾐ;ﾉ┞デｷI ｴｷWヴ;ヴIｴ┞ ヮヴﾗIWゲゲが Tﾗデ;ﾉ Q┌;ﾉｷデ┞ M;ﾐ;ｪWﾏWﾐデが ヱΒ 
ふヲヰヰΑぶ ヱヰΓΑどヱヱヱヵく 
ぷヲΑへ AくHくIく LWWが HくYく K;ﾐｪが CくYく Y;ﾐｪが CくYく Lｷﾐが Aﾐ W┗;ﾉ┌;デｷﾗﾐ aヴ;ﾏW┘ﾗヴﾆ aﾗヴ ヮヴﾗS┌Iデ ヮﾉ;ﾐﾐｷﾐｪ ┌ゲｷﾐｪ FANPが 
QFD ;ﾐS ﾏ┌ﾉデｷどIｴﾗｷIW ｪﾗ;ﾉ ヮヴﾗｪヴ;ﾏﾏｷﾐｪが IﾐデWヴﾐ;デｷﾗﾐ;ﾉ Jﾗ┌ヴﾐ;ﾉ ﾗa PヴﾗS┌Iデｷﾗﾐ RWゲW;ヴIｴが ヴΒ ふヲヰヱヰぶ ンΓΑΑど
ンΓΓΑく 
ぷヲΒへ CくKく K┘ﾗﾐｪが Hく B;ｷが DWデWヴﾏｷﾐｷﾐｪ デｴW ｷﾏヮﾗヴデ;ﾐIW ┘Wｷｪｴデゲ aﾗヴ デｴW I┌ゲデﾗﾏWヴ ヴWケ┌ｷヴWﾏWﾐデゲ ｷﾐ QFD 
┌ゲｷﾐｪ ; a┌┣┣┞ AHP ┘ｷデｴ ;ﾐ W┝デWﾐデ ;ﾐ;ﾉ┞ゲｷゲ ;ヮヮヴﾗ;Iｴが IｷW Tヴ;ﾐゲ;Iデｷﾗﾐゲが ンヵ ふヲヰヰンぶ ヶヱΓどヶヲヶく 
ぷヲΓへ Zく A┞;ｪが A a┌┣┣┞ AHPどH;ゲWS ゲｷﾏ┌ﾉ;デｷﾗﾐ ;ヮヮヴﾗ;Iｴ デﾗ IﾗﾐIWヮデ W┗;ﾉ┌;デｷﾗﾐ ｷﾐ ; NPD Wﾐ┗ｷヴﾗﾐﾏWﾐデが IｷW 
Tヴ;ﾐゲ;Iデｷﾗﾐゲが ンΑ ふヲヰヰヵぶ ΒヲΑどΒヴヲく 
ぷンヰへ HくRく Y;┣ｪ;ﾐが SWﾉWIデｷﾗﾐ ﾗa Sｷゲヮ;デIｴｷﾐｪ ヴ┌ﾉWゲ ┘ｷデｴ a┌┣┣┞ ANP ;ヮヮヴﾗ;Iｴが IﾐデWヴﾐ;デｷﾗﾐ;ﾉ Jﾗ┌ヴﾐ;ﾉ ﾗa 
AS┗;ﾐIWS M;ﾐ┌a;Iデ┌ヴｷﾐｪ TWIｴﾐﾗﾉﾗｪ┞が ヵヲ ふヲヰヱヱぶ ヶヵヱどヶヶΑく 
ぷンヱへ Cく K;ｴヴ;ﾏ;ﾐが Tく Eヴデ;┞が Gく B┌┞┌ﾆﾗ┣ﾆ;ﾐが A a┌┣┣┞ ﾗヮデｷﾏｷ┣;デｷﾗﾐ ﾏﾗSWﾉ aﾗヴ QFD ヮﾉ;ﾐﾐｷﾐｪ ヮヴﾗIWゲゲ ┌ゲｷﾐｪ 
;ﾐ;ﾉ┞デｷI ﾐWデ┘ﾗヴﾆ ;ヮヮヴﾗ;Iｴが E┌ヴﾗヮW;ﾐ Jﾗ┌ヴﾐ;ﾉ ﾗa OヮWヴ;デｷﾗﾐ;ﾉ RWゲW;ヴIｴが ヱΑヱ ふヲヰヰヶぶ ンΓヰどヴヱヱく 
ぷンヲへ LくどYく Zｴ;ｷが LくどPく Kｴﾗﾗが ZくどWく Zｴﾗﾐｪが A ヴﾗ┌ｪｴ ゲWデ H;ゲWS SWIｷゲｷﾗﾐ ゲ┌ヮヮﾗヴデ ;ヮヮヴﾗ;Iｴ デﾗ ｷﾏヮヴﾗ┗ｷﾐｪ 
Iﾗﾐゲ┌ﾏWヴ ;aaWIデｷ┗W ゲ;デｷゲa;Iデｷﾗﾐ ｷﾐ ヮヴﾗS┌Iデ SWゲｷｪﾐが IﾐデWヴﾐ;デｷﾗﾐ;ﾉ Jﾗ┌ヴﾐ;ﾉ ﾗa IﾐS┌ゲデヴｷ;ﾉ EヴｪﾗﾐﾗﾏｷIゲが ンΓ 
ふヲヰヰΓぶ ヲΓヵどンヰヲく 
ぷンンへ Nく K;ﾐﾗが Nく SWヴ;ﾆ┌が Fく T;ﾆ;ｴ;ゲｴｷが Sく Tゲ┌ﾃｷが Aデデヴ;Iデｷ┗W ケ┌;ﾉｷデ┞ ;ﾐS ﾏ┌ゲデどHW ケ┌;ﾉｷデ┞が Jﾗ┌ヴﾐ;ﾉ ﾗa デｴW 
J;ヮ;ﾐWゲW SﾗIｷWデ┞ aﾗヴ Q┌;ﾉｷデ┞ Cﾗﾐデヴﾗﾉが ヱヴ ふヱΓΒヴぶ ヱヴΑどヱヵヶく 
ぷンヴへ Gく Tﾗﾐデｷﾐｷが IﾐデWｪヴ;デｷﾐｪ デｴW K;ﾐﾗ ﾏﾗSWﾉ ;ﾐS QFD aﾗヴ SWゲｷｪﾐｷﾐｪ ﾐW┘ ヮヴﾗS┌Iデゲが Tﾗデ;ﾉ Q┌;ﾉｷデ┞ 
M;ﾐ;ｪWﾏWﾐデ わ B┌ゲｷﾐWゲゲ E┝IWﾉﾉWﾐIWが ヱΒ ふヲヰヰΑぶ ヵΓΓどヶヱヲく 
ぷンヵへ Hく R;ｴ;ヴﾃﾗが AくCく BヴﾗﾏH;IｴWヴが TくNく Gﾗｴが Bく BWヴｪﾏ;ﾐが Oﾐ IﾐデWｪヴ;デｷﾐｪ K;ﾐﾗろゲ MﾗSWﾉ D┞ﾐ;ﾏｷIゲ ｷﾐデﾗ 
QFD aﾗヴ M┌ﾉデｷヮﾉW PヴﾗS┌Iデ DWゲｷｪﾐが Q┌;ﾉｷデ┞ ;ﾐS RWﾉｷ;Hｷﾉｷデ┞ EﾐｪｷﾐWWヴｷﾐｪ IﾐデWヴﾐ;デｷﾗﾐ;ﾉが ヲヶ ふヲヰヱヰぶ ンヵヱどンヶンく 
ぷンヶへ YくEく N;ｴﾏが A ﾐﾗ┗Wﾉ ;ヮヮヴﾗ;Iｴ デﾗ ヮヴｷﾗヴｷデｷ┣W I┌ゲデﾗﾏWヴ ヴWケ┌ｷヴWﾏWﾐデゲ ｷﾐ QFD H;ゲWS ﾗﾐ I┌ゲデﾗﾏWヴ 
ゲ;デｷゲa;Iデｷﾗﾐ a┌ﾐIデｷﾗﾐ aﾗヴ I┌ゲデﾗﾏWヴどﾗヴｷWﾐデWS ヮヴﾗS┌Iデ SWゲｷｪﾐが Jﾗ┌ヴﾐ;ﾉ ﾗa MWIｴ;ﾐｷI;ﾉ SIｷWﾐIW ;ﾐS 
TWIｴﾐﾗﾉﾗｪ┞が ヲΑ ふヲヰヱンぶ ンΑヶヵどンΑΑΑく 
ぷンΑへ Zく Zｴﾗ┌が Zく Xｷ;ﾗが Qく Lｷ┌が Qく Aｷが Aﾐ ;ﾐ;ﾉ┞デｷI;ﾉ ;ヮヮヴﾗ;Iｴ デﾗ I┌ゲデﾗﾏWヴ ヴWケ┌ｷヴWﾏWﾐデ ｷﾐaﾗヴﾏ;デｷﾗﾐ 
ヮヴﾗIWゲゲｷﾐｪが EﾐデWヴヮヴｷゲW Iﾐaﾗヴﾏ;デｷﾗﾐ S┞ゲデWﾏゲが Α ふヲヰヱンぶ ヵヴンどヵヵΑく 
ぷンΒへ BくどHく Lｷが Lく Zｴ;ﾐｪが SくどLく W;ﾐｪが Fく T;ﾗが Jく C;ﾗが Xく Jｷ;ﾐｪが Xく Sﾗﾐｪが Xく Cｴ;ｷが Cﾉﾗ┌S ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪぎ ; ﾐW┘ 
ゲWヴ┗ｷIWどﾗヴｷWﾐデWS ﾐWデ┘ﾗヴﾆWS ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪ ﾏﾗSWﾉが Cﾗﾏヮ┌デWヴ IﾐデWｪヴ;デWS M;ﾐ┌a;Iデ┌ヴｷﾐｪ S┞ゲデWﾏゲが ヱヶ 
ふヲヰヱヰぶ ヱどΑく 
ぷンΓへ Fく T;ﾗが Lく Zｴ;ﾐｪが VくCく VWﾐﾆ;デWゲｴが Yく L┌ﾗが Yく CｴWﾐｪが Cﾉﾗ┌S ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪぎ ; Iﾗﾏヮ┌デｷﾐｪ ;ﾐS ゲWヴ┗ｷIWど
ﾗヴｷWﾐデWS ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪ ﾏﾗSWﾉが PヴﾗIWWSｷﾐｪゲ ﾗa デｴW Iﾐゲデｷデ┌デｷﾗﾐ ﾗa MWIｴ;ﾐｷI;ﾉ EﾐｪｷﾐWWヴゲ P;ヴデ BどJﾗ┌ヴﾐ;ﾉ 
ﾗa EﾐｪｷﾐWWヴｷﾐｪ M;ﾐ┌a;Iデ┌ヴWが ヲヲヵ ふヲヰヱヱぶ ヱΓヶΓどヱΓΑヶく 
ぷヴヰへ Lく RWﾐが Lく Zｴ;ﾐｪが Fく T;ﾗが Cく Zｴ;ﾗが Xく Cｴ;ｷが Xく Zｴ;ﾗが Cﾉﾗ┌S ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪぎ aヴﾗﾏ IﾗﾐIWヮデ デﾗ ヮヴ;IデｷIWが 
EﾐデWヴヮヴｷゲW Iﾐaﾗヴﾏ;デｷﾗﾐ S┞ゲデWﾏゲが Γ ふヲヰヱヵぶ ヱΒヶどヲヰΓく 
ぷヴヱへ Xく X┌が Fヴﾗﾏ Iﾉﾗ┌S Iﾗﾏヮ┌デｷﾐｪ デﾗ Iﾉﾗ┌S ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪが RﾗHﾗデｷIゲ ;ﾐS Cﾗﾏヮ┌デWヴどIﾐデWｪヴ;デWS 
M;ﾐ┌a;Iデ┌ヴｷﾐｪが ヲΒ ふヲヰヱヲぶ ΑヵどΒヶく 
ぷヴヲへ Dく W┌が MくJく GヴWWヴが DくWく RﾗゲWﾐが Dく SIｴ;WaWヴが Cﾉﾗ┌S ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪぎ Sデヴ;デWｪｷI ┗ｷゲｷﾗﾐ ;ﾐS ゲデ;デWどﾗaどデｴWど
;ヴデが Jﾗ┌ヴﾐ;ﾉ ﾗa M;ﾐ┌a;Iデ┌ヴｷﾐｪ S┞ゲデWﾏゲが ンヲ ふヲヰヱンぶ ヵヶヴどヵΑΓく 
ぷヴンへ Lく Zｴ;ﾐｪが Yく L┌ﾗが Fく T;ﾗが BくHく Lｷが Lく RWﾐが Xく Zｴ;ﾐｪが Hく G┌ﾗが Yく CｴWﾐｪが Aく H┌が Yく Lｷ┌が Cﾉﾗ┌S ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪぎ 
; ﾐW┘ ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪ ヮ;ヴ;Sｷｪﾏが EﾐデWヴヮヴｷゲW Iﾐaﾗヴﾏ;デｷﾗﾐ S┞ゲデWﾏゲが Β ふヲヰヱヴぶ ヱヶΑどヱΒΑく 
ぷヴヴへ Dく W┌が DくWく RﾗゲWﾐが Dく SIｴ;WaWヴが Cﾉﾗ┌SどH;ゲWS SWゲｷｪﾐ ;ﾐS ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪぎ ゲデ;デ┌ゲ ;ﾐS ヮヴﾗﾏｷゲWが ｷﾐぎ  
Cﾉﾗ┌SどB;ゲWS DWゲｷｪﾐ ;ﾐS M;ﾐ┌a;Iデ┌ヴｷﾐｪ ふCBDMぶが SヮヴｷﾐｪWヴが ヲヰヱヴが ヮヮく ヱどヲヴく 
ぷヴヵへ Lく RWﾐが Cﾉﾗ┌S ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪ ヮﾉ;デaﾗヴﾏ ;ヴIｴｷデWIデ┌ヴWが ｷﾐぎ  PヴﾗIWWSｷﾐｪゲ ﾗa デｴW ヲヴデｴ E┌ヴﾗヮW;ﾐ 
MﾗSWﾉｷﾐｪ わ Sｷﾏ┌ﾉ;デｷﾗﾐ S┞ﾏヮﾗゲｷ┌ﾏが VｷWﾐﾐ;が A┌ゲデヴｷ;が ヲヰヱヲが ヮヮく ンΑンどンΑΒく 
ぷヴヶへ XくVく W;ﾐｪが XくWく X┌が Aﾐ ｷﾐデWヴﾗヮWヴ;HﾉW ゲﾗﾉ┌デｷﾗﾐ aﾗヴ Cﾉﾗ┌S ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪが RﾗHﾗデｷIゲ ;ﾐS Cﾗﾏヮ┌デWヴど
IﾐデWｪヴ;デWS M;ﾐ┌a;Iデ┌ヴｷﾐｪが ヲΓ ふヲヰヱンぶ ヲンヲどヲヴΑく 
ぷヴΑへ BくQく H┌;ﾐｪが CくHく Lｷが Cく Yｷﾐが XくPく Zｴ;ﾗが Cﾉﾗ┌S ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪ ゲWヴ┗ｷIW ヮﾉ;デaﾗヴﾏ aﾗヴ ゲﾏ;ﾉﾉど ;ﾐS ﾏWSｷ┌ﾏど
ゲｷ┣WS WﾐデWヴヮヴｷゲWゲが IﾐデWヴﾐ;デｷﾗﾐ;ﾉ Jﾗ┌ヴﾐ;ﾉ ﾗa AS┗;ﾐIWS M;ﾐ┌a;Iデ┌ヴｷﾐｪ TWIｴﾐﾗﾉﾗｪ┞が ヶヵ ふヲヰヱンぶ ヱヲヶヱどヱヲΑヲく 
ぷヴΒへ YくLく T┌が PヴﾗS┌Iデｷﾗﾐ ヮﾉ;ﾐﾐｷﾐｪ ;ﾐS Iﾗﾐデヴﾗﾉ ｷﾐ ; ┗ｷヴデ┌;ﾉ OﾐWどﾗaど;どKｷﾐS PヴﾗS┌Iデｷﾗﾐ Iﾗﾏヮ;ﾐ┞が Cﾗﾏヮ┌デWヴゲ 
ｷﾐ IﾐS┌ゲデヴ┞が ンヴ ふヱΓΓΑぶ ヲΑヱどヲΒンく 
ぷヴΓへ BくMく Lｷが SくQく XｷWが Xく X┌が RWIWﾐデ SW┗WﾉﾗヮﾏWﾐデ ﾗa ﾆﾐﾗ┘ﾉWSｪWどH;ゲWS ゲ┞ゲデWﾏゲが ﾏWデｴﾗSゲ ;ﾐS デﾗﾗﾉゲ aﾗヴ 
OﾐWどﾗaど;どKｷﾐS PヴﾗS┌Iデｷﾗﾐが Kﾐﾗ┘ﾉWSｪWどB;ゲWS S┞ゲデWﾏゲが ヲヴ ふヲヰヱヱぶ ヱヱヰΒどヱヱヱΓく 
ぷヵヰへ Yく KﾗヴWﾐが SくJく H┌が Pく G┌が Mく Sｴヮｷデ;ﾉﾐｷが OヮWﾐど;ヴIｴｷデWIデ┌ヴW ヮヴﾗS┌Iデゲが Cｷヴヮ Aﾐﾐ;ﾉゲどM;ﾐ┌a;Iデ┌ヴｷﾐｪ 
TWIｴﾐﾗﾉﾗｪ┞が ヶヲ ふヲヰヱンぶ ΑヱΓどΑヲΓく 
ぷヵヱへ Dく W┌が JくLく Tｴ;ﾏWゲが DくWく RﾗゲWﾐが Dく SIｴ;WaWヴが Eﾐｴ;ﾐIｷﾐｪ デｴW PヴﾗS┌Iデ RW;ﾉｷ┣;デｷﾗﾐ PヴﾗIWゲゲ Wｷデｴ Cﾉﾗ┌Sど
B;ゲWS DWゲｷｪﾐ ;ﾐS M;ﾐ┌a;Iデ┌ヴｷﾐｪ S┞ゲデWﾏゲが Jﾗ┌ヴﾐ;ﾉ ﾗa Cﾗﾏヮ┌デｷﾐｪ ;ﾐS Iﾐaﾗヴﾏ;デｷﾗﾐ SIｷWﾐIW ｷﾐ EﾐｪｷﾐWWヴｷﾐｪが 
ヱン ふヲヰヱンぶく 
ぷヵヲへ HﾗﾏW ヮ;ｪWぎ Aﾏ;┣ﾗﾐ WWH SWヴ┗ｷIWが ｴデデヮぎっっ;┘ゲく;ﾏ;┣ﾗﾐくIﾗﾏっく 
ぷヵンへ HﾗﾏW ヮ;ｪWぎ DヴﾗヮHﾗ┝が ｴデデヮゲぎっっ┘┘┘くSヴﾗヮHﾗ┝くIﾗﾏっく 
ぷヵヴへ HﾗﾏW ヮ;ｪWぎ VM┘;ヴWが ｴデデヮぎっっ┘┘┘く┗ﾏ┘;ヴWくIﾗﾏっく 
ぷヵヵへ HﾗﾏW ヮ;ｪWぎ S;ﾉWゲaﾗヴIWが ｴデデヮぎっっ┘┘┘くゲ;ﾉWゲaﾗヴIWくIﾗﾏっく 
ぷヵヶへ GくCく Pﾉ;デaﾗヴﾏが GﾗﾗｪﾉW BｷｪQ┌Wヴ┞が ｴデデヮゲぎっっIﾉﾗ┌SくｪﾗﾗｪﾉWくIﾗﾏっHｷｪケ┌Wヴ┞っ┘ｴ;デどｷゲどHｷｪケ┌Wヴ┞っく 
ぷヵΑへ Hく ヮ;ｪWが WｷﾐSﾗ┘ゲ A┣┌ヴWが ｴデデヮゲぎっっ;┣┌ヴWくﾏｷIヴﾗゲﾗaデくIﾗﾏっく 
ぷヵΒへ Gく H┌;ﾐｪが Pく Wヴｷｪｴデが SくTく NW┘ﾏ;ﾐが WｷヴWﾉWゲゲ ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪぎ ; ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘が ヴWIWﾐデ 
SW┗WﾉﾗヮﾏWﾐデゲが ;ﾐS I;ゲW ゲデ┌SｷWゲが IﾐデWヴﾐ;デｷﾗﾐ;ﾉ Jﾗ┌ヴﾐ;ﾉ ﾗa Cﾗﾏヮ┌デWヴ IﾐデWｪヴ;デWS M;ﾐ┌a;Iデ┌ヴｷﾐｪが ヲヲ ふヲヰヰΓぶ 
ヵΑΓどヵΓヴく 
ぷヵΓへ Pく ZｴWﾐｪが Gく Zｴ;ﾗが Vく H┌ｪﾗ TﾗヴヴWゲが Jく Rｷﾗゲが Kく D;ﾉK┘;Iﾆが Sく K;┘;デ;が Sく H┘;ﾐｪが Dく H;ﾐが Fく Kﾗが A 
Kﾐﾗ┘ﾉWSｪWどH;ゲWS Aヮヮヴﾗ;Iｴ デﾗ IﾐデWｪヴ;デW F┌┣┣┞ CﾗﾐIWヮデ┌;ﾉ DWゲｷｪﾐ Tﾗﾗﾉゲ ;ﾐS MOKA ｷﾐデﾗ ; CAD S┞ゲデWﾏが 
ヲヰヱヲ Αデｴ IﾐデWヴﾐ;デｷﾗﾐ;ﾉ CﾗﾐaWヴWﾐIW ﾗﾐ Cﾗﾏヮ┌デｷﾐｪ ;ﾐS Cﾗﾐ┗WヴｪWﾐIW TWIｴﾐﾗﾉﾗｪ┞ ふIIIIデヲヰヱヲぶが ふヲヰヱヲぶ 
ヱヲΒヵどヱヲΓヱく 
ぷヶヰへ Dく W┌が MくJく GヴWWヴが DくWく RﾗゲWﾐが Dく SIｴ;WaWヴが Cﾉﾗ┌S ﾏ;ﾐ┌a;Iデ┌ヴｷﾐｪぎ Sヴｷ┗Wヴゲが I┌ヴヴWﾐデ ゲデ;デ┌ゲが ;ﾐS a┌デ┌ヴW 
デヴWﾐSゲが ｷﾐぎ  ASME ヲヰヱン IﾐデWヴﾐ;デｷﾗﾐ;ﾉ M;ﾐ┌a;Iデ┌ヴｷﾐｪ SIｷWﾐIW ;ﾐS EﾐｪｷﾐWWヴｷﾐｪ CﾗﾐaWヴWﾐIW IﾗﾉﾉﾗI;デWS 
┘ｷデｴ デｴW ヴヱゲデ Nﾗヴデｴ AﾏWヴｷI;ﾐ M;ﾐ┌a;Iデ┌ヴｷﾐｪ RWゲW;ヴIｴ CﾗﾐaWヴWﾐIWが AﾏWヴｷI;ﾐ SﾗIｷWデ┞ ﾗa MWIｴ;ﾐｷI;ﾉ 
EﾐｪｷﾐWWヴゲが ヲヰヱンが ヮヮく VヰヰヲTヰヰヲAヰヰンどVヰヰヲTヰヰヲAヰヰンく 
ぷヶヱへ RくGく CﾗﾗヮWヴが Aく DヴWｴWヴが VﾗｷIWどﾗaどC┌ゲデﾗﾏWヴ MWデｴﾗSゲが M;ヴﾆWデｷﾐｪ M;ﾐ;ｪWﾏWﾐデが ヱΓ ふヲヰヱヰぶ ンΒどヴンく 
ぷヶヲへ YくどLく Lｷが KくどSく Cｴｷﾐが XくどGく L┌ﾗが DWデWヴﾏｷﾐｷﾐｪ デｴW aｷﾐ;ﾉ ヮヴｷﾗヴｷデ┞ ヴ;デｷﾐｪゲ ﾗa I┌ゲデﾗﾏWヴ ヴWケ┌ｷヴWﾏWﾐデゲ ｷﾐ 
ヮヴﾗS┌Iデ ヮﾉ;ﾐﾐｷﾐｪ H┞ MDBM ;ﾐS BSCが E┝ヮWヴデ ゲ┞ゲデWﾏゲ ┘ｷデｴ AヮヮﾉｷI;デｷﾗﾐゲが ンΓ ふヲヰヱヲぶ ヱヲヴンどヱヲヵヵく 
ぷヶンへ Aく Gヴｷaaｷﾐが JくRく H;┌ゲWヴが TｴW ┗ﾗｷIW ﾗa デｴW I┌ゲデﾗﾏWヴが M;ヴﾆWデｷﾐｪ ゲIｷWﾐIWが ヱヲ ふヱΓΓンぶ ヱどヲΑく 
ぷヶヴへ Kく Aﾉデ┌ﾐが Tく DWヴWﾉｷが Aく B;┞ﾆ;ゲﾗｪﾉ┌が DW┗WﾉﾗヮﾏWﾐデ ﾗa ; aヴ;ﾏW┘ﾗヴﾆ aﾗヴ I┌ゲデﾗﾏWヴ IﾗどIヴW;デｷﾗﾐ ｷﾐ NPD 
デｴヴﾗ┌ｪｴ ﾏ┌ﾉデｷどｷゲゲ┌W ﾐWｪﾗデｷ;デｷﾗﾐ ┘ｷデｴ ｷゲゲ┌W デヴ;SWどﾗaaゲが E┝ヮWヴデ S┞ゲデWﾏゲ ┘ｷデｴ AヮヮﾉｷI;デｷﾗﾐゲが ヴヰ ふヲヰヱンぶ ΒΑンど
ΒΒヰく 
ぷヶヵへ RくTく FｷWﾉSｷﾐｪが AヴIｴｷデWIデ┌ヴ;ﾉ ゲデ┞ﾉWゲ ;ﾐS デｴW SWゲｷｪﾐ ﾗa ﾐWデ┘ﾗヴﾆどH;ゲWS ゲﾗaデ┘;ヴW ;ヴIｴｷデWIデ┌ヴWゲが ｷﾐが 
Uﾐｷ┗Wヴゲｷデ┞ ﾗa C;ﾉｷaﾗヴﾐｷ;が Iヴ┗ｷﾐWが ヲヰヰヰく 
ぷヶヶへ HﾗﾏW ヮ;ｪWぎ ASPくNET MVCが ｴデデヮぎっっ┘┘┘く;ゲヮくﾐWデっﾏ┗Iく 
ぷヶΑへ Gく BﾗﾗIｴが Jく R┌ﾏH;┌ｪｴが Iく J;IﾗHゲﾗﾐが TｴW ┌ﾐｷaｷWS ﾏﾗSWﾉｷﾐｪ ﾉ;ﾐｪ┌;ｪW ┌ゲWヴ ｪ┌ｷSWが PW;ヴゲﾗﾐ ES┌I;デｷﾗﾐ 
IﾐSｷ;が ヱΓΓΓく 
 
